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      Through this study, the ability of a modified Peng-Robinson (MPR) equation of state in predicting the surface tension of n-alkanes 
based on the density functional theory approach was investigated and compared with other studies. The interfacial layer thickness and the 
density profile were calculated simultaneously at different temperatures from triple point to near critical point using the modified Peng-
Robinson equation of state. It was shown that the calculated thickness of interfacial layer increases with decrease in the chain length of n-
alkane molecules and raising of temperature. The surface tension of n-alkanes was calculated using the calculated values of thin layers’ 
densities. It was shown that the calculated surface tension of n-alkanes decreases with temperature in accordance with the experiment. The 
average relative error in prediction of the surface tension by the MPR equation of state was in the range of 2.5-6% while it was 4.6-25.2% 
by the Peng-Robinson equation of state. The validity of the MPR equation of state in the surface tension prediction of n-alkanes containing 
C1-C10 has been proved by comparing the results of this work with other studies. 
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INTRODUCTION 
 
      A macroscopic thermodynamic property related to the 
microscopic structure of molecules in the vapor-liquid 
interface is the surface tension which is the result of an 
imbalance of intermolecular forces. The difference between 
the intermolecular interactions in the bulk and at the surface 
is related to the order and the structure of molecules. The 
surface tension has an important effect on mass and energy 
transfer because of the dependency of surface energy on the 
intermolecular forces, density, and molecular size.  
      Surface tension is a thermophysical property that has 
many industrial applications such as liquid-liquid, and 
condensation. For this reason, an accurate estimation of the 
surface tension is needed [1]. 
      The surface tension of fluids has been frequently studied 
experimentally   and   theoretically.  Several   empirical  and 
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semi-empirical correlations have been presented for 
predicting surface tension [2-5]. Along with the 
development of various empirical correlations for surface 
tension of pure substances and mixtures, the modeling of 
surface tension has progressed. 
      Parachor method [6,7], alongside the law of 
corresponding states [8,9], perturbation theory [10,11], 
Gradient theory [12,13], and density functional theory 
(DFT) [14,15] are the theoretical models which have been 
frequently used in predicting  surface tension. Among them, 
DFT is widely applied to describe the surface phenomena. 
Simple classical fluids, dipolar fluids, liquid metals, 
associating and polyatomic molecules, and heavy water are 
examples whose interfacial properties are investigated by 
DFT method [16,17] .  
      DFT method was also used to calculate the surface 
tension with a simple renormalization formalism in  critical 
point   [18].   DFT  was  combined  with  equations  of  state  
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(EoSs) for predicting the interfacial properties of fluids [19-
21]. The vapor-liquid interfacial tension of non-associating 
and associating fluids have been predicted using SAFT-DFT 
approach by Gloor, et al. [17,22,23]. Kahl, et al. [24] 
predicted the surface properties and phase equilibria of non-
associated fluids using the modified PT-LJ-SAFT DFT. 
Gross, used the DFT for vapor-liquid interfaces using the 
PCP-SAFT EoS [25]. Maghari et al. employed DFT with 
the modified SAFT-BACK EoS to investigate the liquid-
vapor interfaces of n-alkanes [19]. Moreover, Llovell et al. 
applied the SAFT-VR DFT in the prediction of the 
interfacial properties of fluids mixtures [26,27]. Last but not 
least, Von Müller, et al. used the PCP-SAFT-DFT 
formalism for surface tension calculations [21].  
      In this work, the ability of a modified Peng-Robinson 
(MPR) EoS [28] in predicting   surface tensions of n-alkanes 
was investigated using the DFT approach and compared 
with the Peng-Robinson (PR) EoS [29]. In fact, the extent to 
which the calculated surface tension by MPR EoS is reliable 
was investigated. The parameter b in the PR EoS has been 
modified as the function of reduced temperature, 

r CT T T , 
and acentric factor,  , by Feyzi et al. in the MPR EoS. The 
modified parameter b can be used in other cubic EoSs. The 
PR EoS was frequently used in predicting  the surface 
tension of some pure substances and their mixtures by 
different methods such  as the law corresponding states [9] 
and gradient theory [12]. Li and Firoozabadi [20] also 
developed a DFT-based technique through  combination of 
the PR EoS, the weighted density approximation (WDA) 
and quadratic density expansion (QDE). The theory led to 
the PR EoS in the bulk limit. This method was used for 
predicting the surface tension of some pure substances 
including n-alkanes. A good agreement between the 
calculated surface tension and the experimental values 
indicates that the use of QDE could compensate the 
weakness of the PR EoS in predicting density. 
      In the present study, the MPR EoS has been used for the 
prediction of the surface tension of n-alkanes with the DFT 
approach. The surface region was divided into many thin 
layers and the density of each layer was predicted by the 
MPR EoS. In the DFT approach, the density gradient, the 
surface thickness and the heterogeneity are taken into 
account. Therefore, in addition to the surface tension, the 
density profile  and  the  thickness  of  interfacial layer  were 

 
 
calculated for n-alkanes using the PR and MPR EoSs.  

 
EQUATIONS OF STATE 
 
      The equations of state that can predict the phase 
behavior and the volumetric properties of different fluids are 
very important in chemical engineering. In this work, the 
PR and MPR EoSs were used in predicting the surface 
tension of n-alkanes. The PR EoS is given by [29]:  
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where R, T and V are the universal constants of gases, 
temperature and the molar volume, respectively. The 
temperature-dependent parameters of the PR EoS, a and b, 
are calculated using the critical temperature and pressure, 

cT and cP , as: 
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      where the parameter b has  a constant value for each 
fluid and β is equal to 1. The parameter α is a function of the 
reduced temperature, 

r CT T T , and acentric factor, ω,  is 
given by: 
 
        1 2 2 1 21 0.37464 1.54226 0.26992 1 rT                       (4) 

 
The PR EoS was frequently used in research and industrial 
design due to its simplicity and acceptable precision. 
Despite significant developments in EoSs, the PR EoS and 
its modified versions are used as efficient tools in 
calculation the properties of fluids. 
      Unlike the PR EoS, the parameters α and β in the MPR 
EoS [28] are  functions of Tr and ω as well. The modified 
parameter α, is given for all Tr as: 
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 (5) 
while the parameter β in 0.97rT  or 1.03rT   is given by: 
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and near the critical point ( 0.97 1.03rT  ), β is given by: 

 
1 2 2 1 2 2

2 2

(0.999 0.00872 0.02733 ) [ 0.044861 (0.61013 1.41814 0.94321 )
(1 ) ( 0.81945 2.11084 1.75858 )(1 ) ][1 exp( 100 | 1|)]r r rT T T

    

 

      

        
               

                                                                                            (7) 
 
      It can be shown that the accuracy of the predicted vapor 
pressure and density values of fluids by the MPR EoS [28] 
is more than those by the PR EoS. The predicted values of 
vapor pressure and liquid-vapor volumes of methane and 
ethane by the PR and MPR EoSs were compared with their 
experimental values [30,31] in Table 1. 
 
THEORY 
 
DFT and Surface Tension 
      Modern DFT, for quantum as well as classical systems, 
is based on the theorems of Hohenberg and Kohn [33]. The 
Hohenberg-Kohn theorems apply specifically to the ground 
state energy, and, therefore, only at zero absolute 
temperature. It is needed to extend these theorems to non-
zero temperature for statistical mechanic applications. 
Mermin [34] showed that for a system at fixed temperature, 
T, the chemical potential, μ, and the external single-particle 
potential, (r), there is a functional F[ρ(r)], independent of 
(r) and μ, so  that the functional: 
 
           r F r dr r                                                  (8) 

 
is a minimum for the correct equilibrium density ρ(r) 
subject to the external potential. The value of Ω at this 
minimum is the grand potential. For systems restricted to 
constant density, minimization of the functional F gives the 
equilibrium Helmholtz potential. 
      The grand potential function in the absence of an 
external potential is given by: 

 
 
           r F r r dr                                                  (9) 

 
or 
 
           r F r r dr                                               (10) 

 
 
Here, F[ρ(r)] is the intrinsic Helmholtz free energy 
functional containing the ideal gas term and all 
contributions from the intermolecular interactions. 
      DFT is useful not only for inhomogeneous systems that 
are subject to an external field but also for uniform systems 
such as conventional bulk vapor and liquid phases, and for 
anisotropic fluids such as liquid crystals. 
      The grand potential function, Ω[ρ(r)], is the appropriate 
function for an inhomogeneous fluid at constant temperature 
and chemical potential. The minimum value of Ω[ρ(r)] is 
the grand potential of the system. Among all possible 
density profiles ρ(r), the equilibrium density profile ρ(r) is 
the one that minimizes the grand potential with: 
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and the chemical potential is obtained by 
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The differential of grand potential functional, dΩ at constant 
temperature and zero external potential can be given by: 
 
 
      d dA pdV                                                              (13) 

 
where  and P are the surface tension and the vapor 
pressure, respectively. 
      If the surface region is divided into many thin layers 
with dz thickness and dA surface, the surface tension of ith 
layer can be expressed by: 
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 (15) 
Therefore, the total surface tension can be calculated by sum 
over total layers as: 
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Using the Eq. (10), we have: 
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where    0 0( ) ( ) /f r F r V  and the chemical potential is 

obtained from the classical thermodynamic relation as: 

     Table 1. Comparison of the Calculated Values for the Vapor Pressure, P, Liquid and Vapor Volumes, Vl  and  Vv,  
                    by the PR and MPR EoSs with their Experimental Values [31,32]. The Experimental and the Calculated  
                   Values were Rounded to Two Decimal Places 

 

Calculated 

Alkane 
T 

 (K) 
Property Experiment 

PR EoS 
ARD  

(%)a 
MPR EoS 

ARD 

(%) 

P (kPa) 34.00 35.22 3.59 33.95 0.15 

Vl (cm3 mol-1) 36.43 32.13 11.82 36.05 1.06 100 

Vv (cm3 mol-1) 24079.04 23265.04 3.38 24150.77 0.30 

       

P (kPa) 637.50 652.40 2.34 652.20 2.30 

Vl (cm3 mol-1) 42.24 38.26 9.42 43.41 2.76 

CH4 

140 

Vv (cm3 mol-1) 1599.41 1551.80 2.98 1529.61 4.36 

        

P (kPa) 28.22 27.70 1.84 27.10 3.97 

Vl (cm3 mol-1) 55.62 48.16 13.41 52.42 5.77 163.15 

Vv (cm3 mol-1) 52262.55 48424.30 7.34 49452.00 5.38 

       

P (kPa) 54.21 53.43 1.44 53.26 1.75 

Vl (cm3 mol-1) 53.81 49.15 8.66 53.86 0.08 

C2H6 

173.15 

Vv (cm3 mol-1) 28013.16 26444.10 5.60 26489.20 5.44 
       aThe percentage of absolute relative deviation:

exp

exp% 100
calZ Z

ARD
Z
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      F NkTZ                                                                  (18) 

 
where Z is the compressibility factor and N is the number of 
molecules. Replacement of  0( )f z  and μ into Eq. (17) 

leads to a surface tension as follows: 
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where the EoS can be used for calculating  0 ( )P z  while 

knowing the density in each layer. 
 
Density Profile and Interfacial Thickness  
      The fluid in the surface is considered as an 
inhomogeneous fluid. When the surface region is divided 
into n thin layers with dz thickness, a density gradient exists 
in the vertical direction of the surface, ρ(z). However, it is 
assumed that there is no density gradient in horizontal 
direction of the surface. The functional form of density with 
the distance from the hypothetical dividing surface in z0 was 
given by Rowlinson & Widom [35] as:  
 
       0

1 1( ) ( ) ( ) tanh 2( ) /
2 2l lz z z t                             (20) 

 
where 

l  and 
  are the liquid and vapor densities, 

respectively, and t stands for the surface thickness. The 
density in z0 is given by, 
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where 

l and 
  can be obtained from the following 

equilibrium conditions: 
 
         

   
l v

l v

F PV F PV

Z kT Z kT 

  


                                                   (22) 

 
where F and Z are Helmholtz free energy and the 
compressibility factor, respectively. The density in each 
layer is treated as the average density: 
 

       
 

 
1

1

1, ,

i

i

z

z
i

i i

z dz
z i n

z z








 



                                (23) 

 
 
where the subscript i is the number of each layer and n is the 
total number of the layers. 
 
RESULTS AND DISCUSSION 
 
Calculation of the Interfacial Density  
      The equilibrium pressure and the densities of the liquid 
and vapor phases, 

l and
 , at different temperatures were 

calculated for n-alkanes including C1-C10 using the 
equilibrium conditions, Eq. (22), and the PR and MPR 
EoSs. The thickness of interfacial layer was divided into 
400 equal thin layers. Then, the density of the dividing layer 
was calculated by Eq. (21) for the n-alkanes that were 
examined at different temperatures. The density of each thin 
layer and the thickness of interfacial layer were calculated 
by solving the simultaneous equations for the density of the 
interfacial thin layers using Eqs. (20) and (23) for n-alkanes 
including C1-C10 at different temperatures. All calculations 
were performed from the triple point up to around critical 
point, as a result of lacking experimental surface tension 
data at low temperatures and near critical region. Figure 1 
typically shows the density profile of the interfacial layer of 
n-decane in the temperature range from 243.5-550 K.  
      It is clear from Fig. 1 that the interfacial layer thickness, 
t, increases with temperature, while the difference between 
the liquid and vapor densities decreases which is congruent 
with the literature [36-38]. The variation of the interfacial 
layer thickness with temperature has been shown in Fig. 2 
for n-alkanes including C1-C10. As demonstrated, the 
thickness of the interfacial layer increases with temperature 
for all n-alkanes and the slope of the interfacial layer 
thickness plots versus temperature decreases with increasing 
the chain length of n-alkanes molecules. In other words, the 
results show that the interfacial layer thickness increases 
with decreasing of chain length in a constant temperature. 
This can be attributed to the weak interaction of the short 
chain alkane molecules with respect to the long chain 
alkanes. 
 
Calculation of the Surface Tension of n-Alkanes 
(C1-C10)  
      As mentioned before, the surface tension can be 
calculated by DFT approach using EoS according to Eq. 
(19). In this work, the surface tensions of n-alkanes (C1-C10) 
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Fig. 1. The obtained density profiles for n-decane at different temperatures. 

 

Fig. 2. Variation of the interfacial layer thickness, t, with temperature for n-alkanes C1-C10. 
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      Table 2. Comparison of the Calculated Surface Tension, cal, of  n-Alkanes (C1-C10) by PR and  
                     MPR EoSs with the experiment [39], γexp, at Different temperatures  Along with  their  
                    Percentage of Absolute Relative Deviation (ARD%) 
 

cal  
(mN m-1) 

Alkane 
   T 
 (K) 

exp 
 (mN m-1) 

PR EoS 
ARD 
(%) 

MPR EoS 
ARD 
(%) 

90.69 18.76 21.10 12.50 19.22 2.45 

100 16.25 18.93 16.49 16.48 1.41 

120 11.31 14.85 31.30 12.07 6.72 

140 7.05 9.40 33.33 7.47 5.96 

150 5.19 6.90 32.95 5.57 7.32 

CH4 

160 3.52 4.40 25.00 3.73 5.96 

       

90.35 31.67 29.17 7.89 32.94 4.01 

100 30.04 27.34 9.00 29.69 1.17 

120 26.68 25.63 3.93 25.91 2.89 

140 23.33 22.88 1.93 21.80 6.56 

160 20.05 21.86 9.03 19.87 0.89 

180 16.77 18.89 12.64 16.59 1.07 

200 13.59 14.88 9.49 12.79 5.88 

220 10.5 11.79 12.28 10.70 3.81 

240 7.56 8.37 10.71 7.32 3.17 

260 4.80 5.06 5.42 4.73 1.46 

C2H6 

280 2.32 2.54 9.48 2.89 24.57 

       

85.48 37.71 32.06 14.98 38.5 2.10 

100 35.43 29.53 16.66 33.88 4.36 

120 32.32 27.21 15.79 29.5 8.72 

140 29.24 26.64 8.88 27.46 6.07 

160 26.20 25.57 2.40 25.23 3.66 

180 23.20 24.24 4.45 23.07 0.57 

200 20.26 21.68 7.00 20.042 1.08 

250 13.20 14.64 10.90 13.04 1.23 

300 6.76 6.67 1.28 6.20 8.26 

C3H8 

350 1.39 0.91 34.31 1.34 3.70 

       



 

 

 

Farzi & Yazdanshenas/Phys. Chem. Res., Vol. 5, No. 3, 569-583, September 2017. 

 576 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

              Table 2. Continued 
 

134.89 33.49 31.83 4.96 34.62 3.37 
140 32.75 31.94 2.47 34.39 5.01 
160 29.88 28.85 3.44 29.96 0.27 
180 27.07 26.9 3.58 26.26 3.06 
200 24.32 23.54 3.20 23.03 5.30 
240 19.01 19.9 4.70 18.68 1.72 
300 11.60 13.03 12.30 12.00 3.43 
340 7.14 8.51 19.19 8.12 13.72 

n-C4H10 

400 1.53 1.28 16.34 1.82 18.95 
       

143.47 33.09 29.76 10.06 32.60 1.55 
150 32.33 29.34 9.25 31.82 1.58 
170 30.01 27.79 7.39 29.32 2.29 
190 27.69 26.96 2.64 27.74 0.18 
230 23.09 23.24 0.65 22.95 0.60 
270 18.57 18.96 2.1 18.21 1.93 
310 14.18 14.56 2.67 13.83 2.47 
350 9.97 11.13 11.63 10.69 7.22 
410 4.23 4.03 4.66 4.36 3.07 

n-C5H12 

430 2.54 2.39 5.90 2.94 15.75 
       

177.83 31.96 28.95 9.42 30.94 3.19 
200 29.26 26.91 8.03 28.13 3.86 
250 23.35 22.35 4.28 22.47 3.77 
300 17.74 17.31 2.42 16.99 4.23 
350 12.49 12.66 1.36 12.39 0.80 
400 7.70 7.52 2.36 7.59 1.45 

n-C6H14 

450 3.50 3.34 4.62 3.81 8.79 
       

182.55 33.10 28.89 12.72 31.28 5.50 
200 31.01 27.85 10.51 29.74 4.10 
250 25.25 23.22 8.04 24.00 4.95 
300 19.83 18.55 6.45 18.76 5.39 
350 14.75 13.70 7.11 13.75 6.78 
400 10.45 9.56 8.52 9.72 6.98 
450 5.77 4.94 14.38 5.31 7.97 

n-C7H16 

500 2.10 1.65 21.43 2.21 5.24 
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have been obtained using the calculated densities of the 
interfacial thin layers and both the PR and MPR EoSs. The 
results have been demarcated in Table 2. According to the 
results, the predicted surface tensions of all n-alkanes, using  
the PR and MPR EoSs, decrease with temperature. 
Comparison  of   the   experimental    values   [39]   and  the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
predicted surface tension values using the PR and MPR 
EoSs shows that the MPR EoS better predicts the surface 
tensions of n-alkanes with a good accuracy in the range of 
experimental errors. The average of relative errors in 
calculation of the surface tension by the PR and MPR EoSs 
is given in Table 3. As seen, the maximum average absolute 

           Table 2. Continued 
 

216.37 29.32 25.82 11.93 27.75 5.35 
220 28.94 25.57 11.64 27.43 5.22 
240 26.89 24.44 9.11 25.94 3.53 
260 24.88 23.14 6.99 24.32 2.25 
280 22.91 21.81 4.80 22.74 0.74 
300 20.98 20.00 4.67 20.71 1.28 
340 17.28 16.64 3.70 17.08 1.16 
380 13.63 13.29 4.99 12.95 2.49 
420 10.20 10.07 4.95 9.70 1.27 
460 6.97 6.82 8.89 6.35 2.15 
500 3.98 3.92 15.83 3.35 1.51 

n-C8H18 

540 1.37 1.32 41.39 0.83 3.65 
       

219.7 30.14 26.90 10.75 29.40 2.45 
260 26.12 23.37 10.52 25.10 3.90 
300 22.24 20.08 6.34 21.258 4.31 
340 18.51 17.00 8.16 17.85 3.56 
380 14.92 13.45 9.85 14.10 5.49 
420 11.50 10.36 9.91 10.94 4.87 
460 8.29 7.32 11.7 7.89 4.82 
500 5.31 4.36 17.89 4.92 7.34 

n-C9H20 

540 2.66 1.75 34.21 2.43 8.64 
       

243.5 28.50 24.20 17.77 26.64 6.98 
300 23.19 20.46 13.34 22.11 4.88 
350 18.69 16.75 11.58 17.93 4.24 
400 14.40 12.96 11.11 13.85 3.97 
450 10.37 9.23 12.35 9.97 4.01 
500 6.63 5.73 15.70 6.40 3.59 

n-C10H22 

550 3.30 2.45 34.69 3.03 8.91 
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 relative deviation in calculation of surface tension using the 
MPR EoS is nearly 6% while it is 25% using the PR EoS. 
Due to the fact that the accuracy of the calculated surface 
tension strongly depends on the accuracy of the determined 
interfacial thin layers densities, a good agreement between 
the calculated surface tension and the experimental values 
signifies the accuracy of the obtained density profile for n-
alkanes.  
     In addition to the DFT method, the surface tensions of n-
alkanes were studied by other theoretical methods. 
However, it seems that the DFT method gives more 
appropriate results. Figures 3a and 3b compare the 
percentage of absolute relative deviation values in 
prediction of the surface tension of C6H14 and C10H22, by the 
present work (MPR-DFT and PR-DFT) with the molecular 
dynamics simulation results calculated using different 
models [40-42]. As seen, MPR-DFT could better predict the 
surface tension of C6H14 and C10H22. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      The present research has been also compared in Fig. 4 
with another PR-DFT study [20] which uses some 
approximation in the excess Helmholtz energy function. It is 
clear that the MPR-DFT results calculated in this work are 
in agreement with the experiment and other PR-DFT studies 
[20] that use some approximation. This implies that the 
acceptable results can be obtained for surface tension of n- 
alkanes without any further assumption using the MPR-DFT 
method. 
      The MPR and PR EoSs can be also compared with the 
other EoSs in prediction of the surface tension of n-alkanes. 
Figure 5 compares the calculated surface tensions of n-
alkanes by the MPR-DFT and PR-DFT with the SAFT-
BACK-DFT results [19]. A seen, the PR-DFT model cannot 
fairly predict the surface tension of alkanes compared to 
MPR-DFT and SAFT-BACK-DFT models. Moreover, the 
predicted surface tension by MPR-DFT  is comparable  with  

    Table 3. The Percentage of Average Absolute Relative Deviation, AARD%, in Calculation of the  
                   Surface Tension by PR-DFT and MPR-DFT in the Given Temperature Range, ΔT 
 

AARD 

(%)a Alkane 
ΔT  

(K) 

Data point of 

γ 
PR EoS MPR EoS 

CH4 90.69-160 6 25.26 4.97 

C2H6 90.35-280 11 8.34 5.04 

C3H8 85.48-350 10 15.52 3.98 

n-C4H10 134.89-400 9 7.80 6.09 

n-C5H12 143.47-430 10 5.69 3.66 

n-C6H14 177.83-450 7 4.64 3.73 

n-C7H16 182.55-500 8 11.15 5.86 

n-C8H18 216.37-540 12 10.57 2.55 

n-C9H20 219.70-540 9 13.26 5.05 

n-C10H22 243.50-555 7 16.65 5.23 
         aThe percentage of average absolute relative deviation in the surface tension calculation:  

      

, i,exp

1 i,exp

1AARD% 100
N

i cal

iN
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Fig. 3. Comparison  of the absolute relative deviation percentage (ARD%) in the surface  tension  prediction  
            by this work; PR-DFT (▲) and MPR-DFT (♦); the molecular dynamics simulation results calculated  

 by different models [40-42]; TraPPE (▼), NERD (●) and UA (■); for a) C6H14 and b) C10H22. 
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Fig. 4. The  Calculated  surface  tension of n-alkanes C1, C2, C3, C5 and C8 (left to right) in this work; the  
           MPR-DFT (red line) and the results from Ref. [20] (blue line). The symbols are the experimental  

            values. 

 
Fig. 5. The Calculated surface tension of n-alkanes C1, C3 and C5 (left to right) in this work; the MPR- 
          DFT (red line), the PR-DFT (blue line); and the data from Ref. [19]  (black line). The  symbols  

              show the corresponding experimental values [35]. 
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SAFT-BACK-DFT which is in a good agreement with the 
experiment in whole range of temperature.  
 
CONCLUSIONS 
 
      DFT in conjunction with the MPR EoS was used to 
predict the surface tension of n-alkanes (C1-C10), and 
compared with the PR EoS. The accuracy of the calculated 
surface tension with DFT approach significantly depends on 
the EoS which is used to calculate the surface tension. It 
was shown that the MPR EoS provides a superior 
performance compared with the PR EoS in predicting the 
equilibrium values of the pressure and the liquid and vapor 
volumes. The density profile of n-alkanes which strongly 
depends on the intermolecular forces in the interfacial 
region of liquid-vapor phases was calculated for n-alkanes 
in the temperature range from triple point to near critical 
point. The results show that the interfacial layer thickness 
decreases with increase in the chain length of normal 
alkanes (C1-C10) and increases with temperature. This can 
be attributed to the weak intermolecular forces between the 
short chain n-alkanes with respect to the long chains.  
      It was shown that the MPR-DFT method can better 
predict the experimental surface tensions with regard to the 
PR-DFT. The maximum average absolute relative deviation 
in the calculation of the surface tension by MPR-DFT is 6% 
which is lower than the predicted values by PR-DFT. 
Comparison of the calculated surface tensions values using 
the MPR-DFT, the PR-DFT, the SAFT-BACK-DFT and the 
simulation indicates that the MPR –DFT method is a good 
candidate for predicting the surface tension of n-alkanes 
(C1-C10) in the limit of the experimental errors. 
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